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Trends in the Prevention of Insect Pest Infestation in an Unsprayed Apple Orchard Using 
the Mating Disruption Technique
Shingo TOYOSHIMA, Katsuhiko YAGINUMA and Masaaki TAKANASHI
Department of Apple Research, National Institute of Fruit Tree Science
National Agriculture and Bio-oriented Research Organization
Shimokuriyagawa, Morioka, Iwate 020-0123, Japan
Summary
Trends in the occurrence and infestation of insect pests on leaves and fruits have been investigated for
three years in an apple orchard that had not been sprayed with insecticides. Instead, mating disruption was
applied to control Carposina sasakii, Phyllonorycter ringoniella, Archips breviplicanus, Archips fuscocupre-
anus, and Adoxophyes orana fasciata. The result, in which fewer males of C. sasakii, P. ringoniella, and A.
breviplicanus were trapped in the orchard with mating disruption than in orchards without mating disruption,
suggested that the communication via sex pheromones between females and males of those species was dis-
rupted. On the other hand, the effect of mating disruption for A. fuscocupreanus and A. orana fasciata was
not obvious in the present study because of fewer trap catches even in unsprayed orchards where there was
no mating disruption. However, target pests of the mating disruption as well as non-target pests appeared in
the orchard, and damaged leaves and fruits. P. ringoniella, Popillia japonica, Lyonetia prunifoliella, tortricid
and geometrid moths, aphids, and spider mites damaged leaves, C. sasakii, Comstockaspis perniciosa, tortri-
cid, noctuid and geometrid moths, and pentatomid bugs damaged fruits. Leaf damage apparently had no rela-
tion to the control practice, and did not affect the fruit quality. Therefore, insecticides need not be used to con-
trol leaf-injury pests. Although few sprays may lower the fruit injury below the 1% level, based on the moni-
toring the occurrence of the pests, the most serious pest, C. sasakii, has to be controlled with supplementary
insecticides.
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Fig. 1.  Map of the experimental field at the Department of Apple Research, National Institute of Fruit Tree Science (Morioka). (a)
Location of the three orchards for the monitoring of pest occurrence under different pest management programs.
Insecticides, miticides and fungicides were sprayed in the vertical- and horizontal-striped areas. In the dotted area, multi-
component sex attractants were permeated as a mating disruption technique for controlling six species of lepidopteran
pests, and several insecticide sprays were omitted. In the black area, neither pesticides nor sex attractants were used for
controlling insect and mite pests, but fungicides were sprayed. To monitor the lepidopteran pests, tubes impregnated
with sex-pheromones for the pests were placed in the black, dotted, and horizontal-striped areas. The distance between
the horizontal-striped and dotted areas is ca. 260m, and that between the black and dotted areas is ca. 320m. (b) Magnified
map of the experimental orchard where the mating disruptants were used. In the area of ca. 1 ha, apple trees ('Fuji' with
Mitsuba rootstock, ca. 40 years old) are spaced at intervals of 10 m in the north-south direction and 12 m in the east-west
direction. Insecticides were sprayed on one or two rows of trees for the control of pests occurring under the mating dis-
ruption treatment (arrows with the years). The quality of fruits produced on sprayed trees was compared with fruit quali-
ty of unsprayed trees in the dotted area.
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Table 1.  The programs of pesticide spraying in the apple orchards from 2001 to 2003
Time of  Apple orchards y
application Pesticide(s)  z Sprayed Pheromone Unsprayed
2001 Early April ? ? ?Iminoctadine-triacetate
Late April ? ? ?Fluoroimide
Early May ? ? ?Hexaconazole
Late May ? ? ?Difenoconazole
? ? ?Chlorpyrifos
Early June ? ? ?Mancozeb
? ? ?Confuser A
Mid June ? ? ?Methidathion
Late June ? ? ?Maneb : Thiophanate-methyl
Early July ? ? ?Polyoxin-B : Iminoctadine-TAc
? ? ?Fenitrothion
? ? ?Bifenazate
Late July ? ? ?Chlorothalonil
? ? ?Fenitrothion : Fenvalerate
Early Aug ? ? ?Iminoctadine-triacetate
Late Aug ? ? ?Kresoxim-methyl
? ? ?Thiophanate-methyl
? ? ?Alanycarb
Early Sep ? ? ?Milbemectin
2002 Late March ? ? ?Machine oils (95%)
Early April ? ? ?Iminoctadine-triacetate
Late April ? ? ?Hexaconazole
Mid May ? ? ?Difenoconazole
? ? ?Chlorpyrifos
Late May ? ? ?Mancozeb
Early June ? ? ?Confuser A
Mid June ? ? ?Maneb : Thiophanate-methyl
? ? ?Acetamiprid
Late June ? ? ?Cyprodinil
? ? ?Fenitrothion
? ? ?Etoxazole
Mid July ? ? ?Chlorothalonil
? ? ?Fenitrothion : Fenvalerate
Early Aug ? ? ?Kresoxim-methyl
? ? ?Thiophanate-methyl
Late Aug ? ? ?Trifloxystrobin
? ? ?Alanycarb
2003 Early April ? ? ?Iminoctadine-triacetate
Early May ? ? ?Hexaconazole
Mid June ? ? ?Triflozystrobin
? ? ?Chlorpyrifos
Early June ? ? ?Confuser AA
? ? ?Mancozeb
Late June ? ? ?Maneb : Thiophanate-methyl
? ? ?Acetamiprid
Early July ? ? ?Cyprodinil
? ? ?Thiophanate-methyl
? ? ?Fenitrothion
? ? ?Fluacrypyrim
Late July ? ? ?Chlorothalonil
? ? ?Fenitrothion : Fenvalerate
Early Aug ? ? ?Iminoctadine-triacetate
? ? ?Acequinocyl
z: Insecticides and miticides are shown in bold and underlined bold types, respectively.
Light face letters indicate fungicides.
Confusers A and AA are multi-component sex attractants, settled in the area named ’Pheromone’.
Methidation was sprayed on tree-trunks infested with C. perniciosa.
Acequinocyl was sprayed additionally for the control of  T. urticae and P. ulmi.
y: The three orchards for monitoring pest occurrence under different pest management programs. 
’Sprayed’, ’Pheromone’ and ’Unsprayed’  are indicated as the ’vertical- and horizontal-striped’,
 ’dotted’ and ’black’ areas, respectively, in Fig 1a.
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Fig. 2.  Seasonal dynamics in the number of Phyllonorycter ringoniella, Carposina sasakii, and Archips breviplicanus adult males
captured by the pheromone traps in three apple orchards of different pest management programs. The dynamics with
more than 30 individuals captured on sticky plates with each sex pheromone in a year are shown in the figure.
'UNSPRAYED' indicates the orchard without insecticide sprays (black area in Fig. 1a), 'SPRAYED' is the orchard con-
trolled by pesticide sprays (horizontal-striped area in Fig. 1a), and 'PHEROMONE' is the orchard controlled by the mating
disruption technique (dotted area in Fig. 1a). 'No monitoring' indicates that the species was not monitored at the orchard
in the year.
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Fig. 3.  Proportion of leaves injured by insect pests in two
experimental areas of the orchard permeated with
synthetic sex pheromone with multiple components
(dotted area in Fig. 1a). Species and orders that 
were identified as the cause of leaf-damage 
were Aphididae, Popillia japonica , Totricidae,
Phyllonorycter ringoniella, Lyonetia prunifoliella and
Geometridae. Leaf-damage to Aphididae in 2001 was
caused by Ovatus malisuctus. White circles ( ? )
indicate the proportion of injury levels in the area
where insect pests were controlled only with sex
pheromones. Black circles ( ? ) indicate damage lev-
els in the area where insect pests were controlled
with sex pheromones and insecticides (arrows in Fig.
1b). The investigation was conducted in July and
October in 2001, monthly from July to September in
2002, and monthly from June to September in 2003.
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Table 2.  Comparison of apple-furit qualities among different control treatments in orchards
Year Treatment 1 n 2 Sugar content (Brix) Weight (g) Mean diam. (mm) Color 3 Maturation 4 (%)
2001 Reduced 4 15.2 288.1 87.5 176.6* 38.2
Sprayed 4 15 280.7 86.8 160.4 37.1
2002 Reduced 11 13.6 337.1 91.1 151.5 37
Sprayed 12 13.5 368.5 94 165.7 37.1
2003 Reduced 6 14.9 282.9 86.6 170.2 27.1*
Sprayed 6 15.1 284.9 84.5 169.9 36.6
1: Insect pests in the experimental areas (dotted areas in Fig 1a) were controlled either by sex-pheromones alone (’Reduced’) or by 
sex pheromones and insecticides (’Sprayed’).
2: The number of  replicate trees used for comparison.
3: Index for red intensity (from 0 to 255, original values of  null dimension for the sorting device) on the surfaces of  fruits.
4: Index for matured fruits (original values for the sorting device).
ANOVA was conducted for each year and each character, after logarithmic transformation was applied for each
measurement of  sugar content, and arcsine transformation was used to evaluate color and maturation.
The mean of  ’Reduced’ with * was significantly different from that of  ’Sprayed’ (t-test, p<0.05).
Fig. 4.  Seasonal trends in the densities of Panonychus ulmi and Tetranychus urticae in the experimental area of the orchard per-
meated with synthetic multi-component sex pheromones (dotted area in Fig. 1a). White circles ( ? ) indicate the density
in the area controlled with sex pheromones and miticides. Black circles ( ? ) indicate the density in the area controlled
with sex pheromones, miticides and insecticides (arrows in Fig. 1b). The investigation was conducted in July and October
in 2001, monthly from July to September in 2002, and monthly from June to September in 2003.
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Fig. 5.  Proportion of fruits damaged by insect pests in two experimental areas of the orchard permeated with synthetic multi-
component sex pheromones (dotted area in Fig. 1a). Species and orders that were identified as the cause of fruit-injury
were Carposina sasakii, Tortricidae, Noctuidae, Geometridae, Comstockaspis perniciosa, Pentatomidae and Ovatus mal-
isuctus. White bars indicate the proportion of injured fruits in the area controlled with sex pheromones alone. Black bars
indicate those in the area controlled with sex pheromones and insecticides (arrows in Fig. 1b). The investigation was con-
ducted monthly in July and October in 2001, July to September in 2002, and June to September in 2003.
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